Contribution of the reverse rate of the conformational step to polymerase beta fidelity.
A complete understanding of the kinetic mechanism of fidelity requires comparison of correct and incorrect dNTP incorporation pathways in both the forward and reverse directions. The studies presented here focus on the dNTP-induced conformational step, which has historically been proposed by many to be the major determinant of fidelity. As it was recently highlighted [Tsai, Y. C., and Johnson, K. A. (2006) Biochemistry 45, 9675-9687], chemistry can be the slowest step in the forward direction of the correct dNTP incorporation pathway, yet the corresponding microscopic rate constant would not contribute toward fidelity in the case when the reverse rate of the conformational step is slower than chemistry. Here we use a stopped-flow technique to directly measure the reverse rate of the conformational step in the DNA polymerase beta (Pol beta) kinetic pathway. Extensive pre-steady-state kinetic studies presented include the utilization of 2-aminopurine-labeled DNA substrates, 2-aminopurine nucleotide triphosphate, a nonhydrolyzable nucleotide analogue dAMPCPP, and a rapid sequential mixing reaction scheme. Additionally, the effect of mismatched dNTPs, various metal ions, and the presence of the 3'-terminal hydroxyl group of the primer on the rate of the reverse "opening" conformational step were analyzed. Our analyses indicate that reverse "opening" is drastically facilitated in the presence of mismatched ternary complexes, which is in agreement with the hypothesis that the ternary complex is destabilized by the presence of incorrect dNTP. By analysis of the relative magnitudes of chemistry and reverse "opening" in the presence of both matched and mismatched matched ternary complexes, this work further validates that, for Pol beta, fidelity is dictated by the differences in free energy required to reach the highest energy transition state of the chemical step.